Impaired integrin-mediated signal transduction, altered cytoskeletal structure and reduced motility in Hck/Fgr deficient macrophages.
Integrin-mediated adhesion of monocytes and macrophages initiates a signal transduction pathway that leads to actin cytoskeletal reorganization, cell migration and immunologic activation. This signaling pathway is critically dependent on tyrosine kinases. To investigate the role of the Src-family of tyrosine kinases in integrin signal transduction, we have examined the adhesive properties of macrophages isolated from hck-/-fgr-/- double knockout mice which lack two of the three predominant Src-family kinases expressed in myeloid cells. Previous examination of polymorphonuclear leukocytes from these animals indicated that these kinases were critical in initiating the actin cytoskeletal rearrangements that lead to respiratory burst and granule secretion following integrin ligation. Double mutant peritoneal exudate macrophages demonstrated markedly reduced tyrosine phosphorylation responses compared to wild-type cells following plating on fibronectin, collagen or vitronectin-coated surfaces. Tyrosine phosphorylation of several actin-associated proteins (cortactin, paxillin, and tensin), as well as the Syk and Pyk2 tyrosine kinases, were all significantly reduced in double mutant cells. The subcellular localization of focal-adhesion associated proteins was also dramatically altered in mutant macrophages cultured on fibronectin-coated surfaces. In wild-type cells, filamentous actin, paxillin, and talin were concentrated along leading edges of the plasma membrane, suggesting that these proteins contribute to cellular polarization during migration in culture. Double mutant cells failed to show the polarized subcellular localization of these proteins. Likewise, double mutant macrophages failed to form normal filopodia under standard culture conditions. Together, these signaling and cytoskeletal defects may contribute to the reduced motility observed in in vitro assays. These data provide biochemical and morphological evidence that the Src-family kinases Hck and Fgr are required for normal integrin-mediated signal transduction in murine macrophages.